As a part of our efforts to create a pre-made multifluorescent cell library for various cytological assays, we made a triple-fluorescent cell line in which microtubules, chromosomes, and nuclear envelopes were visualized for simultaneous observation of spindle structure and chromosome distribution in living cells. Pilot experiments with microtubule-disturbing drugs showed the advantages of this cell line in mitosis inhibitor studies.
Since many antimitotic drugs exert their effect by affecting spindle microtubules, visualization of microtubules by green fluorescent protein (GFP) in living cells is widely used in studies of these drugs. However, at low concentrations, some microtubule-disturbing reagents affect chromosome congression and segregation without apparent disturbance of spindle structure. 1) This kind of effect is difficult to observe in living cells in which microtubules are the only visualized structure.
We have reported a dual-fluorescent cell line for molecular dynamics studies of mitosis, 2) in which chromosomes and nuclear envelope were visualized as spatial and temporal landmarks to track the progression of the mitotic stages. This cell line has been applied to live-cell analysis of the localization of aurora-A 3) and survivin 2) in mitosis. In present study, we additionally visualized microtubules in this cell line to make a triplefluorescent cell line for simultaneous observation of spindle structure and chromosome distribution in living cells. Pilot experiments with Taxol and monastrol proved this cell line useful for mitosis inhibitor studies. Although similar observations can be done by a combination of fluorescence and differential interference contrast microscopy, our system was based only on fluorescence, and this greatly simplified the control system for time-lapse observation.
The previously reported MDA-H3/imp cells were dual-fluorescent MDA-MB-435 cells in which the chromosomes and nuclear envelope were visualized by enhanced cyan fluorescent protein (ECFP)-histone H3 and DsRed-importin respectively, leaving the GFP channel for tracking additional protein.
2) We introduced EGFP--tubulin expression plasmid (pEGFP-Tub, Clontech Laboratories, Mountain View, CA) and hygromycin-resistance plasmid (pTK-Hyg) into these cells, and stable transformants were selected by hygromycin to establish a triple-fluorescent cell line, MDA-H3/imp/ tub. Time-lapse images of the living cells were obtained with an Eclipse TE300 or TE2000 fluorescent microscope with a PlanApo VC 60X object lens (Nikon, Tokyo), and an ORCA-ER CCD camera (Hamamatsu Photonics, Hamamatsu, Japan), an INU-NI-F1 stage top incubator (Tokai Hit, Fujinomiya, Japan), Chroma 86006 excitation and emission filter sets for CFP/ YFP/DsRed (Chroma Technology, Rockingham, VT), and a prerelease version of LuminaVision for MacOS X (Mitani Shouji, Fukui, Japan). The filter set for YFP was used for GFP detection to distinguish it from CFP, as previously described.
2) Each image was compiled from a series of optical sections obtained by shifting the focus plane by 1-2 mm with a Z-axis motor (Ludl Electronic Products, Hawthorne, NY). Note H3/imp/tub cells from prophase to metaphase (Fig. 1A) and from metaphase to cytokinesis (Fig. 1B) . Simultaneous visualization of the nuclear envelope and microtubules clearly showed that the nuclear envelope was invaginated by the microtubule organizing centers (MTOCs) (Fig. 1A, 6-8 min) and spindle microtubules began to grow at the same time the nuclear envelope broke down (Fig. 1A, 10 min) . The visualized chromosomes were also useful to define the onset of anaphase (Fig. 1B, 3 min) .
Next, we observed the mitosis of MDA-H3/imp/tub cells in the presence of a microtubule-disturbing reagent Taxol at low (1 nM) and high (60 nM) concentrations (Fig. 2) . While spindle formation and chromosome congression were severely inhibited by 60 nM of Taxol ( Fig. 2A) , these processes appeared normal in the presence of 1 nM of Taxol (Fig. 2B) . However, a few chromosomes remained near a spindle pole (Fig. 2B , 33 min) even after the other chromosomes aligned at the cell equator, indicating that the small amount of Taxol affected chromosome migration without disturbing the overall structure of the spindles. This effect was readily detected in MDA-H3/imp/tub cells.
We also observed the effect of monastrol, which inhibits Eg5 kinesin, required for centrosome separation, 4) on mitotic MDA-H3/imp/tub cells. In the cell shown in Fig. 3 , the MTOCs were partially separated when observation started, but thereafter they began to approach each other and invaginated into the nucleus. After the nuclear envelope broke down (6-8 min), the MTOCs fused into a monoastral spindle pole and astral microtubules began to grow. These observations indicate that the centrosome separation was a reversible process and that Eg5 kinesin was required through the prophase to keep them separated. It showed an advantage of the live-cell analysis that the centrosome movement can be tracked to determine whether they are separating or approaching, as well as the distance between them, that is the only information obtained by fixed cell analysis.
Taxol is a clinically important anticancer drug and known to bind to tubulin molecules to stabilize the microtubule polymers in vitro, but it has relatively low binding affinity for microtubules (Kapp = 0.87 mM) 5) and can affect chromosome segregation at concentrations that are not sufficient to increase significantly the intracellular mass of the tubulin polymers.
1) Simultaneous visualization of microtubules and chromosomes in living MDA-H3/imp/tub cells would be useful to review in detail the cytological effects of existing antimitotic drugs like Taxol. In addition, visualization of the nuclear envelope breakdown and reformation provided time markers for entry to and exit from the mitotic phase. It allowed us to monitor cell-cycle progression and to analyze the temporal coordination of the mitotic events. This cell line should serve as a valuable tool in studies of cell-cycle regulation when used with inhibitor reagents of cell-cycle regulator proteins or gene knockdown by RNA interference.
